• Unrelated question in Tripartite Randomized Response Technique (UTRRT) outperforms conventional ones. • UTRRT is shown to be more efficient than the direct method. • UTRRT is efficient in estimating prevalence of drug use disorders.
INTRODUCTION
The need to obtain accurate result from surveys is crucial with the growing need for precise data. However, the fear of being stigmatized has caused many not to response or to give false response when faced with sensitive questions such as addiction to drug, proneness to tax evasion, drunk driving, etc. This leads to bias in estimating the proportion of people involved in such acts. To reduce or eliminate this potential bias, Warner [1] proposed the Randomized Response Technique (RRT) as a survey technique to be used when asking questions about sensitive behaviors and beliefs. Since then, a lot of work has been done to improve Warner [1] work by modifying and developing new Randomized Response Techniques (RRT). These include; Mangat and Singh [2] , Kim and Warde [3] , Adebola et al. [4] , Ewemooje and Amahia [5, 6] , Singh and Gorey [7] , Ewemooje [8] , Ewemooje et al. [9, 10] and so on. Adebola et al. [11] proposed a Hybrid Tripartite Randomized Response Technique (HTRRT) to take care of respondents who may not choose either "yes" or "no" which led to their third option called "undecided" response. In developing their model, they used three randomization devices, R 1 , R 2 and R 3 and show that the HTRRT is more efficient than the Tripartite Randomized Response Technique (TRRT). This study aims at reducing the variance of estimator for proportion of persons belonging to the sensitive character while improving the privacy protection of the respondents. Therefore, an alternative Tripartite Randomized Response Technique is proposed using unrelated question and by modifying it design while examining its relative efficiency over the existing one. Also, the proposed technique is applied to a survey and then compare with direct method of data collection.
THE HYBRID TRIPARTITE RANDOMIZED RESPONSE TECHNIQUE (HTRRT)
The Hybrid Tripartite Randomized Response Technique (HTRRT) uses three randomized devices R 1 , R 2 and R 3 , with each device consisting two unrelated questions. Three responses "yes", "no" and "undecided" were considered for the two questions. The probabilities of using randomized devices R 1 , R 2 and R 3 were defined such that q 1 = α α+β+δ , α ≠ β ≠ δ is the probability of using R 1 ; q 2 = β α+β+δ , α ≠ β ≠ δ is the probability of using R 2 ; q 3 = δ α+β+δ , α ≠ β ≠ δ is the probability of using R 3 where α, β, and δ are positive real numbers with two unrelated questions each.
Their proposed unbiased estimate of the population proportion was given as:
where P 1 , P 2 and P 3 are the preset probabilities for sensitive question in each of the devices respectively and ̂= 0 ⁄ , 0 is number of respondents that answered "yes" to sensitive character while is the sample size. Also, π U is the true proportion of respondents with the unrelated character. The variance of the Hybrid Tripartite Randomized Response Technique was given as:
where π A is the true proportion of respondents with the sensitive character.
THE PROPOSED ALTERNATIVE TRIPARTITE RANDOMIZED RESPONSE TECHNIQUE
The newly proposed Tripartite Randomized Response Technique uses three randomized devices R 1 , R 2 and R 3 , each device consists of two unrelated questions as in other Tripartite Randomized Response Techniques. The probabilities of using randomized devices R 1 , R 2 and R 3 are defined such that q 1 = α α+β+δ , α ≠ β ≠ δ is the probability of using R 1 ; q 2 = β α+β+δ , α ≠ β ≠ δ is the probability of using R 2 ; q 3 = δ α+β+δ , α ≠ β ≠ δ is the probability of using R 3 where α, β, and δ are positive real numbers with.
In selecting a sample from a finite population using simple random sampling with replacement, sensitive question "A" is being asked from each respondent in order to estimate proportion of respondents belonging to character "A". Each respondent is requested to answer "yes" if he/she belongs to character "A" if not, he/she is required to select one out of the three randomized devices R 1 , R 2 and R 3 , then respond "yes", "no" or "undecided" to a question drawn at random from the selected device.
If all respondents respond truthfully, the population proportion of "yes" answers for the procedure will be given by:
where π A is the true proportion of people with the sensitive character and π U is the true proportion of people with the non-sensitive character while P 1 , P 2 and P 3 are the preset probabilities for sensitive question in each of the three devices respectively.
Therefore, equation (3) becomes:
Cross multiply and make the subject of the formula
The proposed unbiased estimate of the population proportion is given as:
Proof of Unbiasedness
Substituting equation (3) in (*), we have:
Therefore, the proposed estimator, ̂, is an unbiased estimator of the population parameter .
Variance Estimation
The variance of the proposed estimator is as follows:
Substituting equation (3), we have:
Sampling with Unequal Probabilities with or Without Replacement Using the Proposed Alternative Tripartite Randomized Response Technique
Let = 1, if respondent i bears a sensitive character A while = 0, if he/she does not. Let the participation of sampled person be independent similar to that proposed by Ewemooje et al. [12] . Hence, the probability of "yes" becomes:
Recall that 3 = 1 − 1 − 2 , therefore:
].
Let be an unbiased estimator for , then;
where ( ) = for all i(s).
The variance of the unbiased estimator is: ].
An unbiased estimator of ( ̅ ) is given as:
Also, Chaudhuri and Christofides [13] suggested that the value of p chosen close to 0.5 will increase the respondent's faith in the procedure in protecting his/her privacy, nevertheless, the closer p is to 0.5, the higher the magnitudes of ̂( ̅ ) and the coefficient of variation of ̅ . Hence, an intelligent balance is needed in choosing p.
Therefore, agreeing with Chaudhuri [14] , let a sample s be chosen in relation to the design of p with probabilities of inclusion such that; 
Thus, the unbiased estimator for ( ) is; In Table 3 , percentage relative efficiency ranges from 58.293 to 375.446 as 1 increases. Also, the efficiency increases with increase in proportion of the unrelated character and then started decreasing after = 0.5. It should be noted that for the proposed model to be more efficient, the proportion of the unrelated character, , must be greater than the sensitive character, . Tables 4 and 5 show that the percentage relative efficiency increase from 46.065 to 542.784 and 40.601 to 7125.000 respectively with increase in 1 values. The variances of the proposed estimator also reduces with increase in the proportion of the sensitive character, and the proportion of the unrelated character, . 
Figure 1. Variances Comparison of the Hybrid Tripartite RRT with the Proposed Technique

SURVEY DATA APPLICATION OF THE PROPOSED TECHNIQUE
A survey was conducted in Akure South Local Government Area of Ondo state, Nigeria between April and June 2016 in order to determine the proportion of people belonging to the sensitive character "drug use disorder" with unrelated question "were you born before 1990". The proposed technique was used to collect information from 200 respondents with assigned parameters α= 5; β= 10; δ= 25 and preset probabilities P1= 1 3 ⁄ ; P2= 1 3 ⁄ ; P3= 1 3 ⁄ for the randomized devices.
In Table 6 , the estimate of the proportion of respondents belonging to the sensitive character is calculated as 0.253 with variance and standard error; 0.046 and 0.213 respectively, using the proposed estimator while the direct technique estimate gave 0.1150 with 0.1018 and 0.319 as the variance and standard error respectively. The percentage relative efficiency (PRE) of the proposed technique over the direct techniques is calculated as 223.74%. This implies that the proposed technique is practically far more efficient in the estimation of the proportion of persons with sensitive character than the direct technique of data collection.
CONCLUSION
A new and more efficient estimator of the proportion of respondents belonging to a sensitive character in a population has been proposed. The proposed technique performs better as the proportion of the sensitive character and that of the unrelated character increases. The proposed technique was also considered when sampling with unequal probabilities with or without replacement. The proposed technique has also been shown to be more efficient than the direct technique of data collection by applying it to a survey data on drug use disorder.
